Essential oils and plant extracts preparation. The essential oil (BTHO) was hydrodistilled (3 h) from the freshly picked flowering aerial parts of the herb (500 g) using a Deryng-type apparatus. The oil (BTFO) was obtained also from dried flower heads (210 g) using the same distillation method [13] .
Introduction
The genus Bidens L. (Asteraceae) is mainly represented in Poland by two species B. cernua and B. tripartita [1] [2] [3] [4] . The herb of B. tripartita, commonly known as bur-marigold, is used in folk medicine as a diuretic, sudorific and an anti-inflammatory agent. It stimulates the immunological system. Bur-marigold herb is also an excellent remedy for ruptured blood vessels and bleeding of every description. It is very useful in the treatment of skin diseases, in treating fevers, gravel, stone, and bladder and kidney troubles [5, 6] . The methylene chloride extract of B. tripartita has demonstrated to have high activity in the inhibition of cancer L1210 (mouse leukemia) cells and against thrombin [7] . Extensive phytochemical studies on B. tripartita have shown the presence of flavonoids [8] [9] [10] [11] , coumarins [12] , essential oil [13] , polysaccharides, carotenoids, -lactones, amines and mineral elements [10, 14] . In the petroleum extract of the herb of burmarigold, triterpenes, unsaturated aliphatic hydrocarbons, esters of fatty acids and sterols, with dominating stigmasterol, were identified. The green parts of B. tripartita afforded the identification of polyacetylenic compounds, linoleic acid and ocimene [15] . Antioxidant activities of extracts from herbs and flowers and pure flavonoids: flavanomarein (isookanin 7-O-glucoside), cynaroside (luteolin 7-O-glucoside) and luteolin, which had been isolated from this plant, were evaluated by electron paramagnetic resonance (EPR) spectroscopy using stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical [16] . The report describes the antibacterial and antifungal properties of the extracts and essential oils of Bidens tripartita against numerous bacterial and fungal strains. methanol/water, acetone/water and methanol extraction. In all cases, 15 g samples of plant material were used for extraction. Water extracts were prepared by pouring 100 ml of hot distilled water on the samples and left at room temperature for 20 min. The aqueous extracts were filtered off and then evaporated to dryness on a rotary vacuum evaporator to afford BF1 and BH1.
Methanol/water extracts were obtained by heating powdered flowers (or herb) in 400 ml of 1:1 (v/v) methanol/water with agitation under reflux for 2 h. After filtration, the residue was extracted again with the same solvent. The combined extract was evaporated to dryness in vacuuo affording BF2; the same extraction procedure was performed with herb afforded BH2.
Acetone/water (1:1 v/v) extracts were obtained by heating the samples in that solvent (400 ml) under reflux for 2 h. The extraction was repeated and the combined extract BF3 (BH3) was evaporated to dryness.
Prior to methanol extraction, dried plant materials: flowers (BTF) or herb (BTH) were treated with petrol and CHCl 3 in a Soxhlet apparatus. The plant residue was further extracted with 3 × 500 ml methanol and the combined extracts were evaporated under reduced pressure. The residue redissolved in 50 ml H 2 O was successively partitioned between diethyl ether (subextracts BTF1 and BTH4), ethyl acetate (subextracts BTF2, BTH5) and n-BuOH (subextracts BTF3, BTH6).
Phytochemical screening. The content of essential oil in the fresh herb (BTHO) and in the flower heads (BTFO) was measured according to the method described in Polish Pharmacopoeia VI [17] . The composition of oils from B. tripartita was analyzed by gas chromatography (GC) and gas chromatography/mass spectroscopy (GC/MS) methods [13] . The total content of tannins was determined in the flowers and herbs from B. tripartita using the weight method with hide powder recommended by German Pharmacopoeia DAB 10 [18] . The total flavonoid content in flowers and herb of B. tripartita was determined by the spectrophotometric -Christ-Müller's method with modifications according to Polish Pharmacopoeia VI [16, 17] .
Microbiological studies. The tested organisms used in this study were as follows: Aspergillus fumigatus and Aspergillus terreus strains were isolated from a selected of patients with aspergillosis and identified morphologically [19] . All bacterial strains grown on Mueller-Hinton agar plates for 18 h at 37°C were suspended in saline to the density of 0.5 McFarland scale and then diluted a hundred times with Mueller-Hinton broth to give 10 6 CFU/ml. Fungi were grown on Sabouraud dextrose agar plates at 35°C -Candida for 48 h, and Aspergillus for 7 days -than yeast cells and conidia of Aspergillus were suspended in saline and adjusted spectrophotometrically to the desired inoculum. The media were purchased from Oxoid (Unipath S.p.A., Milan, Italy).
Broth microdilution method. The minimum inhibitory concentration (MIC) of all extracts, subextracts and essential oils for antibacterial testing was determined by broth microdilution method according to that approved by NCCLS [20] . Each fraction was first dissolved -in 1 ml of dimethyl sulfoxide (DMSO), than in Mueller-Hinton broth to a 200 mg/ml concentration. Two-fold serial dilutions in 100 l of Mueller-Hinton broth were made, then 100 μl of liquid suspension of the reference strains was added to give final inoculum of 0.5 × 10 6 CFU/ml. The antifungal activity was estimated as described in accordance with NCCLS standards [21] with the following modifications: Sabouraud medium was used for fungi cultivations; the activity of oils was estimated in RPMI medium (Biomed, Lublin, Poland) using 103 CFU/ml fungi suspensions for inoculation.
Disc diffusion test.
For antimicrobial and antifungal testing solutions of each extract, subextract and volatile oil were prepared in the same way as in broth microdilution method. Broth cultures (0.1 ml), adjusted to yield approximately 10 7 CFU/ml for bacteria and 10 4 CFU/ml for yeasts, were inoculated on plates containing Mueller-Hinton and Sabouraud medium respectively. Holes (5 mm diameters) were cut in the inoculated agar plates. The solutions of tested extracts, subextracts and oils (50 μl) were spotted onto such prepared plates (10 mg per hole) and diameter of inhibition zone was measured after 18 h incubation at 35°C. Antibacterial and antifungal activity was expressed as the mean of inhibition diameters (mm) produced by the plant extract, subextract and essential oils.
Results and discussion
The amount of oil calculated for the fresh herb (BTHO) was 0.12% (v/w) and 0.06% for the flower heads (BTFO). The major constituents of the oil of flower heads were p-cymene (16.6%), -caryophyllene oxide (6.0%) and humulene epoxide II (5.3%). The main constituents of the oil from fresh herb were alloocimene (38.3%), (Z)-β-ocimene (30.6%) and α-phellandrene (8.5%) [13] .
The herbs of bur-marigold are characterized by greater than that of the flowers amount of tannins and resulted to 9.25% and 6.50%, respectively. The results obtained for flavonoid content calculated for hyperoside were 0.93% for the flowers and 1.85% for the herb. The results calculated for quercetin were showed to be lower and were for the flowers and herb 0.65% and 1.23%, respectively. According to quantitative HPLC analysis, the dominating flavonoid in the herb of B. tripartita is cynaroside and in flower heads -flavanomarein [16] .
The MICs of extracts, subextracts and oils obtained by the broth microdilution method are shown in Table  1 . The results obtained by disc diffusion test are given in Table 2 . Analyzed extracts and subextracts, except butanolic extracts, inhibited growth of Gram-positive bacteria. The diethyl ether subextract from the herb of B. tripartita showed the strongest antimicrobial activity against Gram-positive bacteria (MIC=1.5÷3.1 mg/ml) and almost none in case of Gram-negative bacteria. Similar activity against Gram-positive bacteria for diethyl ether subextract obtained from flowers of bur-marigold and low bacteriostatic effect on E. coli (β-lactamase+) and K. pneumoniae (ESBL+) (Gramnegative) was observed. Butanolic subextracts from the flowers and the herbs of B. tripartita, according to MIC>100 mg/ml, showed the lowest antimicrobial activity. The remainder of the investigated extracts and subextracts were moderately active against Gram-positive bacteria with efficacy lowest than diethyl ether subextracts. Klebsiella pneumoniae, and both Escherichia coli strains were lightly inhibited by all investigated fractions except flower aqueous extract. Pseudomonas aeruginosa were shown to be the most resistant organisms, inhibited by the three assayed fractions only. MICs of >100 mg/ml for all subextracts suggest to treat those subextracts as non-active against Gram-negative bacteria. Both oils inhibited Gram-positive organisms. The oil obtained from flower heads has activity four-time higher than the oil from the herbs and it also slightly inhibit the growth of both E. coli strains (Gram-negative bacteria). Both essential oils can be acknowledge as inactive against Klebsiella pneumoniae and Pseudomonas aeruginosa. All analyzed extracts and subextracts failed to inhibit the growth of yeast within the experimental concentration range. Both essential oils showed fungistatic effect, the highest was against Candida albicans and Candida parapsilosis; the lowest against Aspergillus fumigatus. Use of plants as remedies in folk medicine, provide a good reason to investigate them scientifically as potential sources of new plant drugs. It is important to prove which plant extracts, subextracts or volatile oils have a biological activity on some specific medical conditions, e.g. antimicrobial and antifungal properties.
The results presented above indicate different spectrum of antimicrobial and antifungal activity of some extracts, subextracts and essential oils obtained from the flowers and herbs of B. tripartita. The diethyl ether subextracts exhibited the widest spectrum and the highest antimicrobial activity, in particular towards Gram-positive bacteria. The butanolic subextracts and essential oils can be regarded as being ineffective against microorganisms. Both volatile oils possess good antifungal activity. The reason for different sensitivity between Gram-positive and -negative bacteria is probably interrelated with their cell wall structure [22, 23] . The cell walls of Gram-negative bacteria having outer lipopolisaccharide layer are inaccessible for flavonoids which occur in bur-marigold. The highest activity of diethyl ether subextracts is assumed to be a result of additive or synergistic interaction of chemical components of B. tripartita. The activity is also associated with the ratio of antimicrobial compounds in the extracts and subextracts. The differences in solvent polarity influences the qualitative and quantitative composition of active compounds in analysed fractions. That suggests a low content of chemical constituents with antimicrobial activity in butanolic subextracts, which results in its inactivity against micro-organisms. High antifungal activity of both essential oils is also very important. These oils could become a possible alternative to synthetic fungicides in the fight against phytopathogenenic fungi. Although chemical composition of oils is well known, the antifungal compounds of the assayed oils are not recognized [13] . Tiophenes, one of the main oils constituents, are probably responsible for antifungal activity [24] . Compound-activity relationship for oils components against fungus organisms must be elucidated to explain its antifungal activity.
Conclusion
In conclusion, two most frequent methods were used in this study to assess antimicrobial and antifungal activity. Although many factors in those methods differ, comparison of the data obtained by disc diffusion test has confirmed the results produced by the broth microdilution method. It confirmed the usefulness of those conventional methods for assessing antimicrobial and antifungal activity of plant extracts, subextracts and volatile oils [25] . Antimicrobial and antifungal activity established in this study fully explains the use of B. tripartita flowers and herbs in folk medicine for treatment on mucocutaneous candidosis, also skin diseases and inflammations caused by antimicrobial and fungi organisms. Regardless of the obtained results, there is a need for further investigations directed towards the identification of active components in the extracts as well as determination of their influence on the examined activity.
